Expression of the three SBE genes, encoding starch branching enzymes, in the sorghum endosperm exhibited a diurnal rhythm during a 24-h cycle. Remarkably, the oscillation in SBE expression was maintained in cultured spikes after a 48-h dark treatment, also when fed a continuous solution of sucrose or abscisic acid. Our findings suggest that the rhythmicity in SBE expression in the endosperm is independent of cues from the photosynthetic source and that the oscillator resides within the endosperm itself. We have previously reported on the temporal and spatial expression profiles for the sorghum SBEI and SBEIIB genes. 12, 13 We have also shown that SBE expression levels in sorghum endosperm showed a diurnal fluctuation with an induction in the light and decline in the dark.
Abstract
Expression of the three SBE genes, encoding starch branching enzymes, in the sorghum endosperm exhibited a diurnal rhythm during a 24-h cycle. Remarkably, the oscillation in SBE expression was maintained in cultured spikes after a 48-h dark treatment, also when fed a continuous solution of sucrose or abscisic acid. Our findings suggest that the rhythmicity in SBE expression in the endosperm is independent of cues from the photosynthetic source and that the oscillator resides within the endosperm itself. Photocycles, thermocycles, and the circadian clock together phase cellular activities in plants to generate diurnal oscillations in gene expression, metabolism and physiology. 2, 3 In Arabidopsis leaves, genes encoding enzymes involved in starch metabolism, particularly degradation, showed diurnal expression patterns. 4 Circadian regulation of the GBSSI gene in leaves has been reported for Arabidopsis, 5 sweet potato, 6 and snapdragon. 7 Diurnal oscillations of starch synthesis gene expression has been observed also in sink organs; for the growth ring formation starch granules in potato tubers, 8 for the gene encoding the catalytic subunit of AGPase in potato tubers, 9 and the SBEI and SBEII genes in cassava storage roots.
10,11
We have previously reported on the temporal and spatial expression profiles for the sorghum SBEI and SBEIIB genes. 12, 13 We have also shown that SBE expression levels in sorghum endosperm showed a diurnal fluctuation with an induction in the light and decline in the dark. 14 To test whether the oscillations in endosperm transcript levels were acutely dependent on light or other cues from the source, we followed SBE expression in isolated seeds fed with a continuous supply of sucrose or ABA, two chemicals that have been shown to induce starch synthesis genes. 11, [15] [16] [17] For these experiments, plants were first transferred to darkness for 24 h to remove endogenous sucrose form the sink tissues. Spikes from the pre-conditioned plants were detached and cultured in water, sucrose or ABA in darkness. We found that even in sucrose or ABA- 
